Zipper-mediated oligomerization of the mixed lineage kinase SPRK/MLK-3 is not required for its activation by the GTPase cdc 42 but Is necessary for its activation of the JNK pathway. Monomeric SPRK L410P does not catalyze the activating phosphorylation of Thr258 of murine MITOGEN-ACTIVATED protein kinase kinase 4.
Src homology 3 domain-containing proline-rich kinase (SPRK)/mixed lineage kinase-3 is a serine/threonine kinase that has been identified as an upstream activator of the c-Jun NH(2)-terminal kinase (JNK) pathway. SPRK is capable of activating MKK4 by phosphorylation of serine and threonine residues, and mutant forms of MKK4 that lack the phosphorylation sites Ser(254) and Thr(258) block SPRK-induced JNK activation. A region of 63 amino acids following the kinase domain of SPRK is predicted to form a leucine zipper. The leucine zipper domain of SPRK has been shown to be necessary and sufficient for SPRK oligomerization, but its role in regulating activation of SPRK and downstream signaling remains unclear. In this study, we substituted a proposed stabilizing leucine residue in the zipper domain with a helix-disrupting proline to abrogate zipper-mediated SPRK oligomerization. We demonstrate that constitutively activated Cdc42 fully activates this monomeric SPRK mutant in terms of both autophosphorylation and histone phosphorylation activity and induces the same in vivo phosphorylation pattern as wild type SPRK. However, this catalytically active SPRK zipper mutant is unable to activate JNK. Our data show that the monomeric SPRK mutant fails to phosphorylate one of the two activating phosphorylation sites, Thr(258), of MKK4. These studies suggest that zipper-mediated SPRK oligomerization is not required for SPRK activation by Cdc42 but instead is critical for proper interaction and phosphorylation of a downstream target, MKK4.